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(54) HIGH POLYMER GEL ELECTROLYTE AND PHOTOELECTRIC CONVERSION ELEMENT USING 
IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high polymer gel electrolyte wherein high mechanical strength 
is compatible with ion conductivity. 

SOLUTION: This high polymer gel electrolyte is composed of polyalkylene glycol (A) having a number 
average molecular weight of 200-1,000,000, a cyclic calthrate compound (B) having a number average 
molecular weight of 500-10,000 and having one or more reactive functional groups, and a multi-functional 
compound (C) having two or more functional groups capable of reacting to the cyclic calthrate compound 
(B) in one element. In addition, the high polymer gel electrolyte impregnated with iodine, an iodide ion, or a 
lithium ion is also included. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 




[CJaim(s)] 
[Claim 1] 

The polymer gel electrolyte with which the number average molecular weight which has the polyalkylene 
glycol (A) of number average molecular weight 200-1,000,000 and one or more reactant functional groups 
consists of an annular clathrate compound (B) of 500-10,000, and an annular clathrate compound (B) and 
the multifunctional compound (C) which has the functional group in which a reaction is possible in [ two or 
more ] a monad. 
[Claim 2] 

Furthermore, the polymer gel electrolyte according to claim 1 to which iodine, iodide ion, or a lithium ion is 
made to come to sink in. 
[Claim 3] 

The optoelectric transducer obtained using a polymer gel electrolyte according to claim 1 or 2. 
[Claim 4] 

The manufacture approach of a polymer gel electrolyte that number average molecular weight which has 
one or more reactant functional groups which carried out inclusion of the polyalkylene glycol (A) of number 
average molecular weight 200-1,000,000 is characterized by making the annular clathrate compound (B) of 
500-10,000, and an annular clathrate compound (B) and the multifunctional compound (C) which has the 
functional group in which a reaction is possible in [ two or more ] a monad react. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] " 
[0001] 

[Field of the Invention] 

This invention relates to the polymer gel electrolyte useful for various electrochemistry components which 
has unique bridge formation. It is further related with the electrolyte which makes ion come. to sink into 
this gel furthermore, and the optoelectric transducer using this. 
[0002] 

[Description of the Prior Art] 

Examination of a polyelectrolyte which aimed at the miniaturization of electrochemistry components, such 
as recent years, for example, a cell, and an optoelectric transducer, and improvement in dependability is 
prosperous. In the conventional electrolytic solution, ether, such as low-molecular-weight carbonate, such 
as propylene carbonate, or a tetrahydrofuran, and ethylene glycol wood ether, is used, for example (one to 
patent reference 9 reference). In the case of the component using these, the problem was in dependability 
over a long period of time by leakage of the electrolytic solution to the component exterior, the elution of 
an electrode active material, etc. When especially using for an optoelectric transducer (the so-called solar 
battery) etc., the endurance over the long exposure in the outdoors is required. That is, it was difficult for 
the endurance under an elevated temperature to pose a big problem, and to use the compound of low 
molecular weight. For this reason, examination of the electrolyte called a current solid electrolyte is 
performed briskly. 
[0003] 

Examination of the polymer gel electrolyte which used especially the high molecular compound as the 
principal component is performed to this problem. The electrochemistry component which consists of 
these polymer gel electrolyte not only solves the problem of leakage and an exhaustion of the electrolytic 
solution, but has an advantage with flexibility grant of a component, and various processible configurations. 
However, if many gelling agents are introduced in order to give the mechanical strength of a polymer gel 
electrolyte, in order for ionic conductivity to fall and to raise ionic conductivity conversely, when the 
quantity of a gelling agent was decreased, it had the essential problem that a mechanical strength could 
not be maintained. 
[0004] 

For example, by the approach (patent reference 1) using a straight chain-like ether compound as a 
polyelectrolyte, since it does not have a point constructing a bridge, mechanical strengths are insufficient. 
[0005] 

Then, the attempt about some gelation approaches is made. For example, although the approach (patent 
reference 2 or 3) using polyethylene-glycol acrylate, the approach (patent reference 4) using 
polyfunctional alkylene glycol acrylate, the approach (patent reference 5 or 6) of making it construct a 
bridge with an isocyanate compound, the method (patent reference 7 or 8) of using polyfunctional acrylate 
for a cross linking agent, and the approach (patent reference 9) using a silane compound were mentioned, 
it was not that to which all satisfy the balance of a mechanical strength and ionic conductivity. 
[0006] 

furthermore, the attempt which is going to obtain a polyelectrolyte using a cyclic ether compound — rt is 
(patent reference 10) — since the unique structure of cross linkage is constituted and this does not 
necessarily use cyclic ether, it essentially differs from this invention. 
[0007] 
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On the other hand, clathrate compounds, such as a polyethylene glycol and cyclodextrin, show unique 
inclusion behavior, and there is a report of the polymer gel called the "rotaxane gel" or the ''topology cull 
gel" made to these-gel further. (Nonpatent literature 1-3) Since the point constructing a bridge can move 
free, such gels have high swelling ability. However, reference is not made by these about the application 
about a polymer gel electrolyte. 
[0008] 

[Patent reference 1] JP,5-1 2091 2,A 
[Patent reference 2] JP,9-27352,A 
[Patent reference 3] JP,8-2361 65,A 
[Patent reference 4] JP,2001-210390,A 
[Patent reference 5] JP,2002-216845,A 
[Patent reference 6] JP,2002-289272,A 
[Patent reference 7] JP,2003-68137,A 
[Patent reference 8] JP,2003-68138,A 
[Patent reference 9] JP,2000-150006,A 
[Patent reference 10] JP,2001 -338700,A 

[Nonpatent literature 1] Y. Okumura Adv. Mater. 2001 The 13th volume 485 pages 

[Nonpatent literature 2] Ito Kozo et al. Modernization study 2001 The September issue 55 pages 

[Nonpatent literature 3] Ito Kozo et al. Functional material 2001, the 21st volume The September issue 51 

pages 

[0009] 

[Problem(s) to be Solved by the Invention] 

this invention person devised the polymer gel electrolyte which paid its attention to the unique inclusion 
behavior obtained with the flexible point constructing a bridge, and resulted in this invention.. That is, 
unlike the gel electrolyte which has the conventional upright structure of cross linkage, the purpose of this 
invention offers the polymer gel electrolyte which is compatible in a high mechanical strength and ionic 
conductivity. 
[0010] 

[Means for Solving the Problem] 

this invention persons got the polymer gel electrolyte which was made to carry out inclusion of the 
annular clathrate compound (B) which makes representation the polyalkylene glycol (A) which makes a 
polyethylene glycol representation, and cyclodextrin, and was made into the flexible point constructing a 
bridge with the multifunctional compound (C) to which annular clathrate compounds (B) are made to react 
further. 
[0011] 

That is, this invention relates to the polymer gel electrolyte with which the number average molecular 
weight which has the polyalkylene glycol (A) of number average molecular weight 200-1,000,000 and one or 
more reactant functional groups consists of an annular clathrate compound (B) of 500-10,000, and an 
annular clathrate compound (B) and the multifunctional compound (C) which has the functional group in 
which a reaction is possible in [ two or more ] a monad. 
[0012] 

Moreover, this invention relates to the above-mentioned polymer gel electrolyte into which make iodine, 

iodide ion, or a lithium ion come to sink further. 

[0013] 

Moreover, this invention relates to the optoelectric transducer obtained using the above-mentioned 

electrolyte, 

[0014] 

Moreover, this invention relates to the manufacture approach of a polymer gel electrolyte that number 
average molecular weight which has one or more reactant functional groups which carried out inclusion of 
the polyalkylene glycol (A) of number average molecular weight 200-1 ,000,000. is characterized by making 
the annular clathrate compound (B) of 500-10,000, and an annular clathrate compound (B) and the 
multifunctional compound (C) which has the functional group in which a reaction is possible in [ two or 
more ] a monad react. 
[001 5] 

[Embodiment of the Invention] 
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The polyalkylene glycol (A) of number average molecular weight 200-1,000,000 in this invention makes the 
subject of the polymer gel electrolyte in this invention, and mainly aims at maintenance of ion. 
Specifically, they are a polyethylene glycol, a polypropylene glycol, a polybutylene glycol, etc. 
[0016] 

Furthermore, as molecular weight of a polyalkylene glycol (A), the range of the number average molecular 
weight 200-1,000,000 shown by GPC (gel transparency chromatograph) is 1,000-500,000 desirable still 
more preferably. When molecular weight is smaller than this range, the effectiveness which constitutes the 
flexible point constructing a bridge is thin, and when large, ion conductivity falls from problems of itself, 
such as crystal linity. 
[001 7] 

The number average molecular weight which has one or more reactant functional groups used in this 
invention acts as that from which the flexible point constructing a bridge is constituted by carrying out 
inclusion of the macromolecule chain of a polyalkylene glycol (A) to the annular clathrate compound (B) of 
500-10,000, and entering the macromolecule chain of (A) into an own ring exactly. 
[0018] 

Specifically, cyclic ether, such as annular polysaccharide, such as cyclodextrin, and crown ether, is raised. 
One or more functional groups with the multifunctional compound (C) mentioned later at least which can 
react must be included in these. 
[0019] 

The range of the number average molecular weight 500-10,000 shown by GPC is desirable still more 
desirable, and annular clathrate compounds (B) are 1,000-5,000. When molecular weight is small or larger 
than this range, good inclusion behavior with a polyalkylene glycol (A) is not shown. 
[0020] 

Although the functional group with a multifunctional compound (C) which can react is based on 

combination with the functional-group kind of (C), of course, a hydroxyl group, a carboxyl group and its 

induction radicals (for example, acid-anhydride radical etc.), the amino group, a thiol group, a nitrile group, 

an epoxy group, a vinyl group, a halogen radical, a vinyl group, etc. are raised, for example. 

Dextrins, such as an alpha-dextrin, a beta-dextrin, and a gamma-dextrin, having a hydroxyl group, since 

inclusion behavior is also good, specifically, it can use suitably. 

[0021] 

It is desirable to use 500 to 0.1% of the weight to the weight of a polyalkylene glycol (A) as amount of the 
annular clathrate compound (B) used. Since the point constructing a bridge increases too much when the 
amount used exceeds this range, maintaining a mechanical strength and the balance of ion conductivity 
cannot be finished. 
[0022] 

A clathrate compound (B) and the multifunctional compound (C) which has the functional group in which a 
reaction is possible in [ two or more ] a monad are used for the purpose of constructing a bridge in 
annular clathrate compounds. Therefore, if it has two or more functional groups in which an annular 
clathrate compound (B) and a reaction are possible, there will be especially no limitation- As a functional 
group, an isocyanate radical, an epoxy group, a vinyl group, a carboxyl group and its induction radicals (for 
example, acid-anhydride radical etc.), the amino group, etc. are raised. 
[0023] 

as the amount of the multifunctional compound (C) used — the number of use mols of a clathrate 
compound (B) — receiving — 1,000% - 0.1 mol % — using is desirable. When exceeding these range, the 
point constructing a bridge becomes firm too much, and in being few, the operation as a point constructing 
a bridge becomes weak, and neither of the cases can finish maintaining a mechanical strength and balance 
of ion conductivity. 
[0024] 

As a multifunctional compound (C), for example Hexamethylene diisocyanate, Diisocyanates, such as 
toluene diisocyanate and isophorone diisocyanate Furthermore, polyfunctional isocyanate, such as an 
isocyanurate denaturation object of these diisocyanates, and a water adduct denaturation object Epoxy, 
such as bisphenol diglycidyl ether and hexanediol diglycidyl ether Polyfunctional vinyl compounds, such as 
a divinylbenzene, hexanediol diacrylate, and pentaerythritol tetraacrylate Polyfunctional carboxylic-acid 
compounds, such as a maleic acid, a phthalic acid, trimellitic acid, and pyromellitic acid And those acid 
anhydrides, a hexamethylenediamine, tris - 2, 4, 6 - (1. -(1-aziridinyl)- 1 - tertiary amine, such as triazine 
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compounds, such as 1 ,3,5-triazine and tris (1-(2-methyl) aziridinyl) phosphine oxide, are mentioned) 
[0025] 

The ion into which the polymer gel electrolyte shown in this invention is infiltrated is according to the 
purpose. If especially this invention is the former and they are a lithium ion, an optoelectric transducer, 
etc., it will make iodine or iodide ion come to sink in, since it is used suitable for a rechargeable lithium-ion 
battery or an optoelectric transducer. 
[0026] 

Although there is especially no limitation in the sinking-in approach, it is desirable to, infiltrate into the gel 
electrolyte of this invention the solution made to dissolve the target ion etc. in the so-called organic fused 
salt, such as carbonate, such as alcohols, such as water, a methanol, ethanol, ethylene glycol, and a 
glycerol, and propyl carbonate, a kinky thread JINIUMU salt, an imidazolium salt, and a thoria ZORIUMU 
salt, etc. for example. 
[0027] 

As for the addition of the iodine used in this invention, or each ion solution, it is desirable to use 0.001 - 
1 ,000 weight twice to a polymer gel electrolyte. Across this range, in many, it becomes difficult in 
maintenance of ion, and in being few, the engine performance as an electrolyte gets worse. 
Moreover, as concentration of the iodine to infiltrate or each ion solution, I. is desirable in about 
0.00001-10 mols /. In exceeding this range, the engine performance as an electrolyte gets worse. 
[0028] 

The polymer gel electrolyte of this invention, 

Process 1: Carry out inclusion of the polyalkylene glycol (A) to a clalhrate compound (B), 

Process 2: Make a clathrate compound (B) and a multifunctional compound (C) react. 

Process 3: It can classify into each process which infiltrates iodine or ion into a polyalkylene glycol (A) if 

needed. 

[0029] 

The sequence of these processes is not suitably changed according to the purpose, application, and 
industrial-engineering-problem of a component, and is not limited especially. For example, after carrying 
out a process 1, a process 3 is performed and ion is uniformly distributed in a prepolymer. After 
performing a component after that, a process 2 can be made to be able to carry out and gel and it can 
also use by obtaining a mechanical strength etc. 
[0030] 

The optoelectric transducer shown in this invention is a wet optoelectric transducer generally called a 

GURETTSUERU cel." It is important for the polyelectrolyte used since this component is constituted to 
introduce an electrolyte uniformly in this porosity, in order to use a porosity titanium dioxide for an 
electrode in order to make photoelectric conversion efficiency high. In view of this point, since the 
polymer gel electrolyte of this invention has the flexible structure of cross linkage, it shows the efficacy 
which was excellent also in this property. 
[0031] 

In the phase where the reaction of an annular clathrate compound (B) and a multifunctional compound (C) 
is not terminated, introduce in porosity, and make it of course, more desirable to complete a reaction after 
that. 
[0032] 

Moreover, since iodine ion is contained in an electrolyte, you cannot make it construct a bridge by radical 
reaction, such as a double bond, in using for an optoelectric-transducer component. For this reason, as for 
the functional group which can be used for a reaction, it is desirable to constitute the functional group of 
an annular clathrate compound (B) and a multifunctional compound (C) from a functional group which is 
limited, for example, is chosen from a hydroxy! group, the amino group, an isocyanate radical, an epoxy 
group, and a carboxyl group. 
[0033] 

Furthermore, as the manufacture approach, after carrying out inclusion of the annular clathrate compound 
(B) to a polyalkylene glycol (A), "capping" of the end of (A) is carried out to nonpatent literature 1-3 by 
the approach of a publication, that is, after inclusion of the ring of B is carried out, it escapes easily and 
does not come out — as — ** — blocking by the high substituent is also suitable. 
[0034] 

The polymer gel electrolyte in this invention is suitably used about the following applications. For example, 
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it is suitably used as polymer gel electrolytes, such as an optoelectric transducer, a rechargeable battery, 

a primary cell, a sensor material, an electroluminescence ingredient, and a display ingredient, and a medium 

of those. It is suitable for especially the electrolyte especially of a wet optoelectric transducer and the 

so-called coloring matter sensitization mold solar battery. 

[0035] 

[Example] 

Below, the detailed example of the polymer gel electrolyte in this invention is shown. 

[0036] 

Example 1 

Composition of a topology cull gel prepolymer 

Polyethylene-glycol screw amine 10g of number average molecular weight 100,000 was dissolved in 100ml 
of 80-degree C ultrapure water. Keeping it warm, alpha cyclodextrin 0.5g was added and stirring was 
performed for 3 hours. It was kept warm at 5 degrees C after that for 48 hours, and freeze-dried after 
that. 

After carrying out reduced pressure drying of the moisture under reduced pressure after that and making 
it dissolve in a dimethyl HORUMI amide further, 2g of 2,4-dinitrofIuorobenzene was added and the end was 
blocked. Reduced pressure drying of the reaction mixture was carried out after the end blockade. 
[0037] 

Preparation of an electrolyte prepolymer solution 

The addition candle power stirring dissolution of the 1 ml of the 1 0Omg reduced-pressure-drying 
prepolymer, and iodine [ a lithium iodide of 0.5 mols //I / prepared beforehand and 0.05 mols //!. / iodine 
] propylene carbonate solutions was carried out. 
[0038] 

Preparation of a photo-electric-conversion eel transparent electrode 

On the conductive glass in which the tin-oxide film was made to form, coating of the titanium oxide 
dispersion liquid was carried out to the thickness of about 10 micrometers, and width of face of 10 
millimeters with the hand applicator, it performed at 100 degrees C and desiccation and baking were 
performed about 40 minutes at 460 more degrees C after that for 30 minutes. The film thickness at this 
time was 8 micrometers about. In this way, the obtained porous membrane was infiltrated into the ethanol 
solution of ruthenium coloring matter (ruthenium 535 by SORARO Knicks) 0.5 millimol / liter for 24 hours. 
Superfluous coloring matter was washed by ethanol after sinking-in termination, and it was made to dry 
for 20 minutes at 60 degrees C. 
[0039] 

The assembly of a photo-electric-conversion eel 

The titanium oxide baking film of one more side was cut so that the titanium oxide baking section of the 
transparent electrode prepared for the preceding clause might serve as 1 -centimeter square of a square. 
Furthermore the polypropylene plate with a thickness of 100 micrometers was made into the spacer, and 
the eel was constituted. 

Coating of what mixed ten microliter for 1ml of electrolyte prepolymer solutions and hexamethylene 
diisocyanate quickly was immediately carried out to the titanium oxide baking film cut in the square from 
on the spacer, and it covered on it with the platinum plate from on the, and fixed to it with the fixture. 
Covered the perimeter with epoxy system encapsulant, the perimeter was made to age at 50 more 
degrees C for 24 hours, and the component was obtained. 
[0040] 

Measurement of the photoelectric transfer characteristic 

In this way, when the property under the AM-1.5 conditions of the obtained optoelectric transducer was 
measured, they were short-circuit current 18 mA/cm2, op en -circuit-voltage 0.6V, the file factor 0.68, and 
7.4% of conversion efficiency. 
[0041] 

The example 1 of a comparison 

The polyethylene glycol (both-ends hydroxyl group) of number average molecular weight 100,000 was 
electrolytic-solution-ized by the same approach as an example. 10 microliter **** and the thing mixed 
quickly were constituted like the example in 1ml of prepolymer solutions, and the hexamethylene 
diisocyanate water adduct object (Sumi Joule N3200 by Sumika Bayer Urethane Co., Ltd.) was 
component-ized in them. 
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In this way, when the property under the AM-1.5 conditions of the obtained optoelectric transducer was 
measured, they were short-circuit current 2.4 mA/cm2, open-circuit-voltage 0.3V, the file factor 0.55, and 
2.1% of conversion efficiency. 
[0042] 

[Effect of the Invention] 

The polymer gel electrolyte which was made to carry out inclusion of the annular clathrate compound (B) 
which makes representation the polyalkylene glycol (A)'which makes a polyethylene glycol representation, 
and cyclodextrin, and was made into the flexible point constructing a bridge with the multifunctional 
compound (C) to which annular clathrate compounds are made to react further was obtained. 
Consequently, unlike the gel electrolyte which has the conventional upright structure of cross linkage, the 
polymer gel electrolyte obtained with the flexible point in this invention constructing a bridge is compatible 
in a high mechanical strength and ionic conductivity. 
[0043] 

The polymer gel electrolyte which makes iodine or a lithium ion come to sink into the polymer gel 
electrolyte obtained further in this way can be used suitable for a rechargeable lithium-ion battery or an 
optoelectric transducer. 



[Translation done.] 
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